A generalized and improved G /G -expansion method is proposed for finding more general type and new travelling wave solutions of nonlinear evolution equations. To illustrate the novelty and advantage of the proposed method, we solve the KdV equation, the Zakharov-KuznetsovBenjamin-Bona-Mahony ZKBBM equation and the strain wave equation in microstructured solids. Abundant exact travelling wave solutions of these equations are obtained, which include the soliton, the hyperbolic function, the trigonometric function, and the rational functions. Also it is shown that the proposed method is efficient for solving nonlinear evolution equations in mathematical physics and in engineering.
Introduction
The world around us is inherently nonlinear, and nonlinear evolution equations NLEEs are widely used as models to describe the complex physical phenomena. The exact solutions of NLEEs play a vital role in nonlinear science and engineering. One of the fundamental problems for these models is to obtain their travelling wave solutions. The interest of finding travelling wave solution of NLEEs is increasing and has now become a hot topic to researchers. In recent years, many researchers who are interested in the nonlinear physical phenomena investigated exact solutions of NLEEs. They established many powerful and direct methods. For instance, the inverse scattering method 1 , the Backlund transform method 2, 3 , the Hirota's bilinear transformation method 4 , the truncated Painleve expansion method 5, 6 , the Exp-function method 7-11 , the tanh-function method 12-15 , the Weierstrass elliptic function method 16 , the Jacobi elliptic function expansion method 17-23 , and so on.
Recently, Wang et al. 24 introduced a widely used straightforward method called the G /G -expansion method for obtaining the travelling wave solutions of various NLEEs, where G ξ satisfies the second-order linear ordinary differential equation ODE G λG μG 0, and λ and μ are arbitrary constants. Applications of the G /G -expansion method, to NLEEs can be found in the articles 25-29 for better understanding.
To show the effectiveness and reliability of the G /G -expansion method and to expand the range of its applicability, further research has been carried out by several researchers. Such as, Guo Still substantial work has to be done in order for the G /G -expansion method to be well established, since every nonlinear equation has its own physically significant rich structure. In this paper, we propose a generalized and improved G /G -expansion method for solving NLEEs in mathematical physics and engineering. To show the reliability and advantages of the proposed method, the KdV equation, the ZKBBM equation, and the strain wave equation in microstructured solids are solved, and further new families of exact solutions are found.
where V is the speed of the travelling wave. The transformation 2.2 transforms 2.1 into an ODE for u u ξ
where Q is a function of u ξ and its total derivatives.
Step 2. Suppose the solution of the ODE 2.3 can be expressed by a polynomial in d G /G as follows:
where either a −m or a m may be zero, but both a −m and a m can not be zero simultaneously, a n n 0, ±1, ±2, . . . , ±m and d are constants to be determined later, and G G ξ satisfies the following second order linear ODE:
Step 3. The value of the positive integer m can be determined by considering the homogeneous balance between the highest-order derivatives and highest-order nonlinear terms appearing in 2.3 . If the degree of u ξ is D u ξ m, then the degree of the other expressions will be as follows:
Step 4. to zero yields a set of algebraic equations for a n n 0, ±1, ±2, ±3, . . . , ±m , d and V .
Step 5. Suppose that the value of the constants a n n 0, ±1, ±2, ±3, . . . , ±m , d, and V can be obtained by solving the algebraic equations obtained in Step 4. Since the general solution of 2.5 is well known for us, substituting the values of a n n 0, ±1, ±2, ±3, . . . , ±m , d and V into 2.4 , we obtain more general type and new exact traveling wave solutions of the nonlinear evolution equation 2.1 .
Applications of the Proposed Method
In this section, we employ the proposed method to obtain some new and more general exact travelling wave solutions of the celebrated KdV equation, the ZKBBM equation, and the strain wave equation in microstructured solids. where e 0 , λ, and μ are free parameters.
For Case 1, substituting 3.5 into 3.4 and simplifying, we obtain the following. When λ 2 − 4μ > 0,
where ξ x − { δλ Suppose that A > 0 and A 2 > B 2 , then solution 3.8 reduces to
where ξ 0 tan h
When λ 2 − 4μ 0,
3.11
Again for Case 2, substituting 3.6 into 3.4 and simplifying, we obtain the following.
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3.12
where ξ x − { 8δμ λ 2 δ e 0 12dδ d − λ }t and A, B are arbitrary constants.
3.13
where A and B are arbitrary constants. When λ 2 − 4μ 0,
3.14 where A and B are arbitrary constants. Finally for Case 3, substituting 3.7 into 3.4 and simplifying, we obtain the following.
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When λ 2 − 4μ > 0,
where ξ x − −2δλ 2 8δμ e 0 t, A and B are arbitrary constants.
3.16
When λ 2 − 4μ 0, Therefore, we may assert that the basic G /G -expansion method is a particular case of the proposed generalized and improved G /G -expansion method. It is noteworthy to mention that, if we set special values the parameters, then some of the solutions match to some known solutions obtained by other methods, and some new solutions of the KdV equation are constructed. Since every nonlinear equation has its own physically significant rich structure; therefore, these new solutions will help us to understand the internal mechanism of the complex physical phenomena. Thus, the proposed generalized and improved G /Gexpansion method is promising in the discipline of mathematical physics and engineering. 
The ZKBBM Equation
Now we construct the traveling wave solutions of the ZKBBM equation by the proposed method. Let us consider the ZKBBM equation
The travelling wave variable ξ x V t permits us to reduce 3.18 into the following ODE:
where prime denotes the derivatives with respect to ξ. Equation 3.19 is integrable, therefore, integrating we obtain
where C is an integral constant. Considering the homogeneous balanced between the nonlinear term u 2 and the highest-order derivative u in 3.20 , we get m 2. Therefore, the formation of solution of 3.20 is same of 3.4 . . . . Setting each coefficient of these polynomials to zero, we obtain an overdetermined set of algebraic equations we will omit them to display for simplicity for e 0 , e 1 , e 2 , e −1 , e −2 , d, C, and V . Solving this overdetermined set of algebraic equations, we obtain the following.
where d, V , λ and μ are free parameters.
where d, V , λ, and μ are free parameters. 
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where V , λ, and μ are free parameters. Now substituting 3.21 -3.23 into 3.4 , we obtain the following solutions of 3.20 :
3.24
u 2 ξ − 6bV a d G G 2 6 bV −λ 2 d a d G G − 8bV μ − V − 1 bV λ 2 12d bV d − bV λ 2a ,
3.25
where ξ x V t. Substituting the general solutions of 2.5 into 3.24 , we obtain three types of travelling wave solutions of the ZKBBM equation as the following.
where A and B are arbitrary constants.
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When λ 2 − 4μ < 0,
3.28
3.29
where A and B are arbitrary constants. Again substituting the general solutions of 2.5 into 3.25 , we obtain three types of travelling wave solutions of the ZKBBM equation of the following.
3.30
If B > 0 and A 2 < B 2 , then we can obtain soliton solutions
3.32
where A and B are arbitrary constants. Finally substituting the general solutions of 2.5 into 3.26 , we obtain the travelling wave solutions of the ZKBBM equation as the following.
3.34
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3.35
3.36
where A and B are arbitrary constants. It is observed that if d 0, then our solutions 3.27 -3.33 are identical to Zhang et al. 33 solutions obtained by the improved G /G -expansion method see Section B . On the other hand, if d / 0, then the solutions 3.27 -3.33 are dissimilar to Zhang et al. 33 solutions. Moreover, we obtain solutions 3.34 -3.36 which were not obtained by Zhang et al. 33 . Therefore, we may stress that the improved G /G -expansion method is also a particular case of our proposed method. It is noticed that the proposed generalized and improved G /G -expansion method performs as a viable tool for finding generalized traveling wave solutions. The performance of the proposed method is trustworthy and efficient and gives more new solutions of nonlinear partial differential equations.
The Strain Waves Equation in Microstructured Solids
Let us consider an engineering application problem of nonlinear bell-shaped and kinkshaped strain waves in microstructured solids as discussed by Porubov and Pastrone 37 . The governing equation for the strain waves in microstructured solids is given by
If γ 0, we have the nondissipative case, and governed by the double dispersive equation see 38 for details ,
The balance between nonlinearity and dispersion takes place when δ O ε . Therefore, 3.38 becomes,
The travelling wave transformation ξ x − V t allows us to convert 3.39 into the following ODE:
where v denotes the second derivative, and v 4 denote the fourth derivative with respect to ξ. Equation 3.40 is integrable, therefore, integrating we obtain
where C is an integral constant. Balancing the nonlinear term v 2 with the highest-order derivative term v , from 3.41 , we obtain that m 2. Therefore, the shape of solution of 3.41 is also same as 3.4 . . . . Setting each coefficient of these polynomials to zero, we obtain a set of simultaneous algebraic equations we will omit them for simplicity for e 0 , e 1 , e 2 , e −1 , e −2 , d, C, and V . Solving this overdetermined set of algebraic equations, we obtain the following.
where d, V , λ, and μ are free parameters.
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Now substituting 3.42 -3.43 into 3.4 , we obtain the following solutions of 3.41 :
3.44
v 2 ξ − 6 α 1 V 2 α 4 − α 3 d 2 − dλ μ 2 d G G −2 6 α 1 2d − λ d 2 − dλ μ V 2 α 4 − α 3 d G G −1 − 1 2εα 1 ε λ 2 8μ V 2 α 4 − α 3 12εd d − λ V 2 α 4 − α 3 1 − V 2 ,
3.45
where ξ x − V t. Substituting the general solutions of 2.5 into 3.44 , we obtain three types of travelling wave solutions of the strain wave equation in microstructured solids as follows.
3.46
3.47
3.48
where A and B are arbitrary constants. Again substituting the general solutions of 2.5 into 3.45 , we obtain the solutions of the stain wave in microstructured solids as follows.
When λ 2 − 4μ > 0, 3 . In this paper we obtain six solutions with more free parameters by our proposed expansion method. As a result, the proposed method might be an advance and efficient tool in solving nonlinear equations that arise in the field of engineering problems. If γ / 0, 3.37 can also be solved by the proposed expansion method.
Discussions
The advantages and limitations of the proposed expansion method over the basic G /Gexpansion method and the improved G /G -expansion method are discussed below.
